This study is to investigate quantitative measures and heterogeneity of perfusion parameters in the differential diagnosis of hepatocellular carcinoma (HCC) and hemangioma.
Introduction
Hepatocellular carcinoma (HCC) is one of the most common hepatic malignant hepatic tumors in clinic, which primarily occurs in patients with chronic hepatitis or cirrhosis. [1] [2] [3] [4] Early detection of HCC has been extremely important for the successful therapy of the local tumors. Of the early detected HCC cases, up to 90% of the patients could be cured under the best circumstances. [5, 6] According to the European Association for the Study of Liver Diseases 2000 Conference [7] and American Association for the study of Liver Diseases guidelines, [8] diagnosis of HCC based on conventional enhancement computed tomography (CT) relies on the observation of arterial enhancement, which is followed by the contrast washout in the venous phase. [9] However, the HCC lesions <20 mm are always difficult to diagnose due to the specific vascularization pattern and the complicated liver texture with cirrhotic background. [1, [10] [11] [12] Besides, not all HCC cases report the contrast washout on the portal venous phase and delayed imaging. A minority of the welldifferentiated HCC cases would be hypodense to the liver on all phases. [13] Moreover, washout could also be performed in other focal liver lesions, including hemangioma, focal nodular hyperplasia, and hypervascular metastases. [14] Hepatic hemangioma represents the most common benign liver tumor, with the prevalence of 0.4% to 20%. [15] Typical hemangioma is easily differentiated with HCC. However, atypical appearance of hepatic hemangioma is commonly seen in daily practice, such as large heterogeneous hemangioma (type 3) and rapidly filling hemangioma (type 1). [16, 17] The atypical features may lead to misdiagnosis and confusion with other lesions. For example, small hemangioma lesions may show arteriovenous shunting, and hemangiomas <1 cm would have rapid filling. Differential diagnosis between atypical hemangioma and HCC has been considered to be difficult.
CT perfusion imaging represents important assessment method for tumor-related vascularization. CT perfusion could measure the hemodynamic parameters at the capillary level, with high temporal and spatial resolution, as well as good reproducibility, which therefore plays an important role in the early diagnosis of HCC. The perfusion parameters could quantitatively reflect the hemodynamic changes in microcirculation, which provides morphological and functional information of the target lesions. However, the CT perfusion has 2 major limitations, that is, the large radiation dose and the inspiratory or expiratory motion and distortion-induced artifacts.
Tumor heterogeneity is determined by the heterogeneous vascularization, necrosis, fibrosis, and cell density. Considering the lesion tissue structure, there may be some evident differences between the HCC and hemangioma or normal parenchyma. Previous studies on the quantitative images of tumor vascularization have reported the average perfusion parameters, disregarding the perfusion heterogeneity. One way to assess the variable tumor perfusion is the histogram analysis, which yields several parameters, including the coefficient of variation, percentiles, skewness, and kurtosis. The histogram analysis of apparent diffusion coefficient maps has great value in predicting the aggressiveness of endometrial cancer, prostate cancer, and bladder cancer. [19] [20] [21] Percentiles have been reported to be more robust than other histogram analysis parameters. Various percentiles are quite insensitive to distortion of the histogram shape by the peaks. [22] Therefore, the differential diagnostic performance between HCC and hemangioma might be improved by using the histogram analysis of perfusion parameters (mainly using the percentiles). The present study was designed to investigate the variance of perfusion parameters by histogram analysis in the HCC and liver benign hemangioma cases. The CT perfusion parameters and percentiles of hemangioma cases (typical and atypical) were calculated, according to enhancement pattern, in comparison with HCC. The feasibility of quantitative measurement of perfusion parameters and heterogeneity assessment by the histogram analysis in the differential diagnosis between HCC and hemangioma (especially atypical cases) was evaluated.
Materials and methods

Study patients
In total, 84 liver lesions (in 76 patients) were included in the study group, including 38 HCC and 46 hemangioma cases. HCC cases were confirmed by biopsy and resection, while the diagnosis of hemangioma was based on the radiology reports (including followup studies) or biopsy. Small and atypical hemangioma had to meet all of the following criteria: resolution on the follow-up imaging, normal alpha fetoprotein, and no suspicious features on magnetic resonance imaging (MRI). The mean diameter of these 38 HCC lesions was 3.6 ± 2.7 cm, ranging from 1.5 to 11.4 cm. The mean diameter of these 46 hemangioma cases was 2.5 ± 1.4 cm, ranging from 1.3 to 5.9 cm. In the 32 patients with 38 HCC lesions, there were 19 lesions in the left lobe of the liver, 16 lesions in the right lobe, and 3 lesions in both these 2 lobes. In the 44 patients with 46 hemangioma lesions, there were 20 lesions in the right lobe and 26 lesions in the left lobe. Inclusion criteria were as follows: confirmation from the pathology, transplant for HCC, or contrast-enhanced CT and MRI with classic imaging features during the follow-up period; availability of triple-phase contrastenhanced CT scans obtained with the identical scanning and contrast injection protocol; having no previous treatment, such as liver surgery, chemotherapy, chemoembolization therapy, or liver radiotherapy, within 6 weeks; and having adequate renal function (serum creatinine level 2.0 mg/dL). The exclusion criteria were as follows: patients with portal vein thrombosis or portal vein tumor thrombosis for HCC; patients with allergy, or contraindication to the use of contrast; patients with severe heart diseases; or the arterially enhancing portion of the lesion was too small to characterize ( 5 mm). Of these 76 patients, there were 29 patients with cirrhosis, as diagnosed by pathology or the CT appearance, including 20 cases of viral hepatitis type B, 7 cases of alcoholic liver disease, and 2 patients with unknown reasons. This retrospective study was approved by the Institutional Review Board of our hospital. Written informed consent was obtained from all patients, according to the guidelines of the local ethics committee.
CT scanning protocol and CT perfusion analysis
All patients were subjected to the examination using a 128-slice CT scanner system (GE Discovery CT750 HD, Waukesha, WI). At 15 minutes before the CT scanning, patients were required to drink 500 mL water to fill the gastrointestinal tract. For the enhancement, 100 mL iodinated contrast (Omnipaque 350 mg iodine/mL; GE) was injected intravenously, at a rate of 3.5 to 4.5 mmL/s. After the unenhanced CT scanning, the arterial phase (30-35 seconds), portal venous phase (60-70 seconds), and delayed phase (180 seconds) were performed after the start of contrast injection. Scanning parameters were as follows: collimation, 128 Â 0.625 mm; tube voltage, 80 to 120 kV; effective tube current time product, 200 mA; and pitch, 1.375.
The CT hemodynamic kinetics software (GE Healthcare, HD750) was used for data analysis, and the liver perfusion parameters include the hepatic artery supply coefficient (HAC), portal vein blood supply coefficient (PVC), and arterial enhancement fraction (AEF). These parameters provide a simple way to quantitatively characterize the enhancement curves on the triplephase liver CT scanning. HAC and PVC described the enhancement curve for a liver lesion as a linear combination of the aortic and portal venous enhancement curves. HAC indicated the similarity of lesion's enhancement curve to the aortic enhancement curve, and PVC manifested the similarity of lesion's enhancement curve to the portal venous enhancement curve. HAC and PVC were equal to aortic and portal vein blood volumes, in a simple perfusion model that assumed rapid blood flow and no vascular permeability. For each tumor, regions of interest (ROIs) were drawn over the tumor, portal vein, and aorta on images, in which the calculation involved measurements of mean attenuation. HAC = (v2x1 + v2x2 + v3x3)/(a2v3 À a3v2) and PVC = (a2x1 + a2x2 + a3x3)/(a3v2 À a2v3), where xi was the enhancement of the pixel in the liver, ai was the enhancement of the aorta, and vi was the enhancement of the portal vein. Moreover, i = 1 was the arterial phase, i = 2 was the portal venous phase, and i = 3 was the delayed phase. Enhancement was measured in the Hounsfield units, relative to the average Hounsfield units of the 3 phases. [14] AEF was defined as the ratio of the absolute increment of attenuation during the arterial phase to the absolute increment of attenuation during the portal venous phase: AEF = [(HUa À HUu)/(HUp À HUu)] Â 100, where HU was the attenuation, a was the arterial phase, p was the portal phase, and u was unenhanced. [9, 23] 
Imaging analysis
Hemangioma cases were usually classified into 3 enhancement types [16] : type 1, early complete or almost complete enhancement Breathing motion was compensated by nonrigid image registration if necessary. ROIs were manually placed in the aorta and portal vein to measure the arterial and portal venous input. The whole liver perfusion parameters were calculated and mapped into the color-coded parametric maps. All examinations were reviewed by 2 radiologists (a resident with 2 years and a radiologist with 8 years of experience). For each patient, the radiologists manually delineated the ROI around the entire section of the tumor. ROIs were also placed on the hepatic parenchyma of tumor-free regions, excluding the large intrahepatic vessels.
Statistical analysis
The Graph Pad Prism software was used for statistical analysis. All data were tested for normal distribution by the KolmogorovSmirnov test. Interobserver agreement with respect to quantitative perfusion parameters of the target lesions was evaluated with the intraclass correlation coefficients (ICC). Agreement degrees were categorized as follows: 0.00 to 0.39, poor agreement; 0.40 to 0.59, fair agreement; 0.60 to 0.74, good agreement; and 0.75 to 1.00, excellent agreement. [24] For each lesion, the perfusion parameters (HAC, PAC, and AEF) were obtained automatically from the tri-phases enhancement scanning, which were analyzed voxel-by-voxel using the histogram analysis. The 10th, 50th, 75th, and 90th percentiles of histogram parameters were analyzed. The intragroup perfusion parameters and histogram parameters were compared using the paired sample t test. The Intergroup perfusion and histogram parameters' measurements were compared by the 2-sample independent t test. Multiple group differences were compared with analysis of variance. P < .05 was considered statistically significant.
Results
Interobserver agreement
Perfusion parameters of the lesions in the ROIs showed excellent interobserver agreement for the mean value and the percentiles of histogram parameter, with the ICC value of 0.91. Therefore, the measurement data from these 2 observers were suitable for the following analysis.
Comparison of perfusion parameters and percentiles between HCC and surrounding liver parenchyma
The perfusion parameters and percentiles were compared between the HCC lesion and surrounding liver parenchyma. Our results showed that the mean value, and the 10th, 50th, 75th, and 90th percentiles of HAC and AEF were significantly higher than the surrounding liver parenchyma (P < .05), while the mean value, and the 10th, 50th, 75th, and 90th percentiles of PVC were significantly lower in the HCC cases than the surrounding liver parenchyma (P < .01) ( Table 2 ; Fig. 4 ). These results suggest that the mean value and percentiles of HAC and AEF in HCC are significantly higher than the surrounding liver parenchyma, while the mean value and percentiles of PVC in HCC are significantly lower than the in surrounding liver parenchyma.
Comparison of perfusion parameters and percentiles between HCC and hemangiomas
The perfusion parameters and percentiles were compared between the HCC lesions and hemangiomas. Our results showed that the mean value, and all the percentiles of PVC were significantly lower in the HCC tumor tissue than the types 1 and 2 hemangioma showing hypoperfusion (P < .01); and the 90th percentile of PVC in the HCC cases was also significantly lower than the type 3 hemangioma (P < .01). However, the mean value and all the percentiles of AEF in the HCC cases were significantly higher than the types 2 and 3 hemangioma showing hyperperfusion (P < .01). Moreover, the 10th percentile of HAC in the HCC cases was higher than the type 2 hemangioma (P < .05). Furthermore, the mean value, and the 10th and 50th percentiles of HAC in the HCC cases were higher than the type 3 hemangioma (P < .05) ( Table 3; Figs. 5 and 6). These results suggest that the mean value and percentiles of PVC are significantly lower in the HCC cases than the types 1 and 2 hemangioma cases, while the mean value and percentiles of AEF in the HCC cases are higher than the types 2 and 3 hemangioma cases.
Discussion
The CT perfusion imaging is a kind of functional imaging technique in which a quantitative map is created characterizing the tumor microcirculation and hemodynamic changes. However, the clinical application of CT perfusion imaging has not been AEF = arterial enhancement fraction, CT = computed tomography, HAC = hepatic artery coefficient, HCC = hepatocellular carcinoma, PVC = portal vein coefficient, SD = standard deviation.
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Medicine fully realized. There might be 2 major reasons, that is, the unclear clinical role and the increased radiation dose. In this study, the CT kinetic hemodynamic software was used, based on a simplified model of tumor blood supply, which would be applied to the traditional triphasic scanning. Thus, the radiation dose was significantly reduced, compared with the conventional CT perfusion scanning. [14] Our results showed the significant different perfusion parameters, as well as 10th, 50th, 75th, and 90th percentiles of histogram between the HCC and hemangioma cases for the disease differentiation. Atypical and typical hemangioma could be easily differentiated with HCC. In a previous study, the most arterially enhancing part of the lesion has been measured in the heterogeneous lesions. However, the choice of ROI was still somewhat arbitrary. [14] In the present study, for each patient, the radiologists manually delineated the ROIs around the entire section of the tumor to eliminate bias, which might provide more accurate and objective results. This is the first study focusing on the assessment of perfusion parameters and heterogeneity between the HCC and hemangioma cases of different enhancement patterns. Singh et al [25] and Guo and Yu [26] have reported differential CT perfusion values between the HCC and hemangioma cases. However, in these studies, the hemangioma cases have not been classified into different enhancement patterns, or atypical and typical types, which might lead to bias and mirror results. In this study, hemangioma with different enhancement patterns had different CT perfusion parameters. Furthermore, they did not refer to the percentiles of histogram analysis. Our results showed that it was important to take the tumor heterogeneity into account, for the differentiating diagnosis between HCC and hemangiomas, by using the histogram analysis. Tumor heterogeneity was determined by the cell density, necrosis, heterogeneous vascularization, and fibrosis. [27] Histogram analysis was an effective method to assess the tumor heterogeneity. Among these quantitative parameters derived from histogram analysis, percentiles have thought to be more robust than others. [22] Therefore, percentiles were applied herein for the heterogeneity analysis of HCC and hemangioma cases. Our results showed that the percentiles of histogram analysis played important roles in differentiating HCC and hemangioma cases. For example, only the 10th percentile of HAC from the voxel-wise histogram analysis of HCC was significantly higher than the type 2 hemangioma. By contrast, the mean value and the other percentiles of HAC in tumors did not show significant difference between HCC and type 2 hemangioma. These results indicated the Table 3 Comparison of CT perfusion parameters and percentiles between HCC and hemangiomas with different enhancement patterns. AEF = arterial enhancement fraction, CT = computed tomography, HAC = hepatic artery coefficient, HCC = hepatocellular carcinoma, PVC = portal vein coefficient, SD = standard deviation.
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Pang et al. Medicine (2018) 97:38 www.md-journal.com differences of tumor heterogeneity between these HCC and type 2 hemangioma cases. Previous studies on quantitative imaging have reported the average perfusion values of entire tumors, disregarding the perfusion heterogeneity. [24, 25] In this study, the tissue perfusion and the heterogeneity of different tumors were analyzed, and the quantitative perfusion imaging may be more adequate for the differential diagnosis of HCC and hemangiomas.
In the case of typical hemangioma, imaging features are highly reliable for the disease diagnosis. The typical appearance is hypoattenuating on the unenhanced phase, with the type 2 enhancement feature during the enhancement phase. Hemangioma of type 1 enhancement pattern occurs more often in small hemangioma, which shows immediate homogeneous enhancement at the arterial phase in the scanning. It is likely that the smaller the lesion, the more rapid the spread of contrast material within it would be. [28] For the type 3 hemangioma, at the venous and delayed phases, the progressive centripetal enhancement would not lead to complete filling, which has been associated with the central scar. [28, 29] Pathologically, the scar is caused by thrombosis, fibrous, myxomatous change, and necrosis.
The development and progression of HCC are characterized by multistep carcinogenesis. The carcinogenesis process might lead to increased arterial liver perfusion (ALP) and decreased PVC, finally resulting in increased AEF due to the damage of normal sinusoidal architecture. [30] Tumor perfusion is usually reported as the mean values of perfusion parameters. Meanwhile, the mean values do not interpret the heterogeneous distribution of tumor perfusion, and thus could not be optimal for the tumor assessment before treatment or therapy evaluation. In this study, not only the mean value of perfusion parameters was analyzed, Figure 5 . Graphs of PVC ranging from the mean value to 10th to 90th percentiles of HCC and hemangioma. Significant difference in the mean value and percentiles of PVC between HCC and types 1 (A) and 2 (B) hemangioma cases. Compared with the HCCs, * P < .05, * * P < .01. HCC = hepatocellular carcinoma, PVC = portal vein coefficient. but also the percentiles of histogram analysis were calculated, which might be superior to median values for tumor grading and tumor recurrence evaluation. [28, 31] The mean values, and the 10th, 50th, 75th, and 90th percentiles of HAC and AEF were significantly higher than the surrounding liver parenchyma, whereas the mean value, and the 10th, 50th, 75th, and 90th percentiles of PVC were significantly lower in the HCC tumor than the surrounding liver parenchyma, which was in line with previous findings.
[ [32] [33] [34] Early detection plays a critical role for the successful local tumor surgery. [5, 35, 36] In the case of typical hemangioma, imaging features are highly credible for the accurate diagnosis. [28] Nevertheless, atypical features in the cases of atypical hemangioma may result in confusion with other lesions and/or misdiagnosis. Therefore, differential diagnosis of atypical hemangioma from HCC is pivotal but challenging. Heterogeneity in enhancement was found in different types of hemangioma or in HCCs. Therefore, the heterogeneity evaluation using the histogram analysis may represent the identifying features between the HCC and hemangioma cases.
In this study, the mean value and percentiles of perfusion parameters were analyzed and compared between HCC and hemangiomas (typical and atypical). The mean value and all the percentiles of AEF were significantly higher than the types 2 and 3 hemangioma showing hyperperfusion, whereas the mean value and all the percentiles of PVC were significantly lower in the HCC tumor tissue than the types 1 and 2 hemangioma showing hypoperfusion. The 90th percentile of AEF in the HCCs was also significantly lower than the type 3 hemangioma, while there was no difference in the mean PVC value, or in the 10th, 50th, and 75th percentiles due to heterogeneous structure in the type 3 hemangioma case. The PVC and AEF values were particularly related to the differential diagnosis of HCC and hemangioma cases, which was in line with previous reports. [26] Moreover, our results were more scientific, rigorous, and accurate, due to the following reasons: First, the hemangiomas were classified into 3 types, according to the enhancement patterns, and the CT perfusion parameters were compared among these 3 types. Second, the histogram analysis was introduced to assess the different types of hemangioma (typical and atypical), to quantify the tumor heterogeneity. Histogram analysis could evaluate the intensity variations within the tumors, evaluating the lesion heterogeneity and architecture feature related to pathology. More importantly, percentiles of perfusion parameters play important roles in the histogram analysis.
There was no statistically significant difference in the liver parenchyma between different types of hemangiomas, and between the HCC and hemangioma. In previous studies, the progression of liver cirrhosis would result in decreased PVC, which is then compensated by the increased HAC, finally leading to increased AEF. In this study, for patients with HCC, tumorfree parenchyma of most patients had cirrhosis. Meanwhile, there was no difference between patients with hemangiomas. This phenomenon could be explained that the patients with cirrhosis were classified into the Child-Pugh A, which did not lead to hemodynamic changes. Other reasons may be due to the different techniques and algorithm used for CT perfusion, or the relative limited sample sizes.
These are several limitations of this study. First, there were some patients without histopathologic proof for the lesions (especially hemangiomas). Second, because the triphasic dynamic CT dataset were extracted from the traditional CT perfusion dataset, the volume, duration, and concentration of contrast injections between triphasic dynamic and traditional CT perfusion scanning may differ, which could alter the perfusion parameters. Third, only the percentiles of histogram analysis were analyzed, while other parameters were not involved, such as skewness, kurtosis, and variance. The study did not comprehensively reflect the tumor heterogeneity. Fourth, there was potential risk of selection bias in the retrospective study. Fifth, our study population was reasonably small, and further studies with enlarged population of patients are still needed.
In conclusion, our results showed that the CT perfusion parameters and percentile analysis of histogram calculated from triphasic liver CT scanning could be used, not only to assess the hemodynamic changes and tumor heterogeneity, among the HCC and hemangiomas (typical and atypical), but also to differentiate hemangioma from HCC using different hemodynamic situation. These coefficients could provide complementary information in addition to the traditional imaging diagnosis criteria (such as washout for HCC, periphery nodular enhancement, and the progress to the central filling for hemangioma), in order to improve the specificity and sensitivity of diagnosis.
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